Introduction
============

Improvements in medical science have resulted in increased survival of vulnerable and high-risk infants, enabling further study on the future development of these children. However, although infant mortality has been reduced, these children may be more biologically vulnerable than other children. In the last two decades, because of improvements in health status and increased use of vaccinations and antibiotics, mortality and complications from infectious diseases have been reduced in children. However, due to increased survival of infants with birth weight \<1500 g and fetal age \< 30 weeks, along with development and implementation of infertility treatments, the frequency of developmental disorders have increased significantly.[@b1-ijgm-5-683]

Developmental delay is a term used for children who lack developmental features and skills that would be expected of children their age.[@b2-ijgm-5-683] After infection and trauma, developmental and behavioral disorders are the most common problems in pediatric medicine. Approximately 15%--18% of children in the US suffer from developmental or behavioral disabilities. However, because these problems often remain unaddressed, most of these disorders are either unidentified or untreated until the children have reached school age. This lack of diagnosis and treatment results in several complications that threaten the health and development of a community. In fact, many delays in growth and development can be traced back to the prenatal period.[@b3-ijgm-5-683] The main cause or causes of developmental disabilities are often unknown, but biological factors, complications of pregnancy, and environmental factors are some of the possibilities.[@b4-ijgm-5-683]

Human resources are fundamental to the development of society. The most important foundation for this development is the children of the next generation. Children afflicted by developmental delay have numerous problems, so early diagnosis and timely referral are very important in facilitating maximum benefit for children with developmental disabilities, their families, and ultimately society as a whole.[@b5-ijgm-5-683] Monitoring and screening child development to detect problems associated with delay at each child visit, especially the first, is thus very important. Developmental evaluation is required in five areas, ie, motor development (gross and fine motor skills), cognitive, emotional, and communication development, and perception (hearing, speech, and visual motor skills).[@b3-ijgm-5-683]

The results of studies of anthropometric indices at birth differ with regard to the relationships of these indices with developmental status. Glasson and Petterson reported no correlation between anthropometric indices and cognitive developmental disorders.[@b6-ijgm-5-683] On the other hand, Hediger et al reported a significant relationship between low birth weight and sociophysical development.[@b7-ijgm-5-683] Piek et al suggested a significant relationship between low birth weight and fine motor skills in children of school age.[@b8-ijgm-5-683] To reconcile these contradictory results, this study aimed to determine correlations between anthropometric indices at birth and developmental delay in children aged 4--6 months who were referred to health centers affiliated with the Isfahan University of Medical Sciences in 2010.

Materials and methods
=====================

This descriptive correlational study included 401 Iranian children aged 4--60 months, with complete records, no obvious congenital anomalies, and living with both parents. Their recorded Apgar scores were ≤4. They were not hospitalized after birth for reasons other than midwifery (including accidents and trauma).

Using a cluster probability sampling method, 13 health care centers were selected from throughout Isfahan. Next, the children were selected from each cluster on the basis of number of clients, and sampling days were selected randomly. After introducing and explaining the research objectives to the parents and obtaining their verbal consent, sampling began. The subjects were free to accept or reject participation in the study and they could withdraw if they wished. After completing the study, the results were given to the heads of the research centers.

Once parental consent had been obtained, the developmental status of the children was measured in five areas, ie, motor (gross and fine motor skills), cognitive, emotional, and communication development, and perceptual skills. Anthropometric data at birth were collected from the children's health records.

Problem-solving was assessed using the Ages and Stages Questionnaire. This questionnaire has been used in many studies.[@b9-ijgm-5-683]--[@b12-ijgm-5-683] Adaptation and standardization of this questionnaire in Iran was performed from the years 2002 to 2007 under the supervision of the Iranian Ministry of Health and Medical Education, United Nations Childrens Fund, International Council for the Education of Exceptional Children, Office of Population and Family Health, and Institute for Exceptional Children. The validity and reliability of the questionnaire have been established as 0.84 and 0.94, respectively, and its ability to determine developmental disorders is reported as \>96%.[@b1-ijgm-5-683]

After children with developmental delay had been identified, they were referred to medical centers to confirm that the diagnosis was correct. The content validity method was used for validation of the checklist used for collecting birth-related anthropometric data from health records. The reliability of the checklist was measured using the simultaneous measurement method. In this study, confounding factors such as socioeconomic status (a variable combination of five variables, ie, parental education level, housing status, area of house infrastructure, and monthly income *P* \> 0.05), maternal age (*P* = 0.41), birth order and number of children (*P* = 0.51), child gender (*P* = 0.07), and maternal employment (*P* = 0.8) in the two groups were matched.

The data were analyzed using SPSS software version 18 (SPSS Inc, Chicago, IL). In this study, statistical analyses were performed using the independent *t*-test for quantitative variables (correlation between development and length or head circumference at birth), the χ^2^ test for qualitative variables (correlation between each area of development and birth weight), and the Mann-Whitney *U* test for ranking variables (correlation between development and birth weight). Odds ratios and logistic regression models were also used for data analysis.

Results
=======

The correlation between children's development and head circumference at birth and that between development and birth length are shown in [Tables 1](#t1-ijgm-5-683){ref-type="table"} and [2](#t2-ijgm-5-683){ref-type="table"}. Mean age was 17.33 ± 13.18 months in the normal development group and 29.92 ± 19.19 months in the developmental delay group. Of the children whose records were evaluated in this study, 5.4% were preterm at the time of delivery (\<37 weeks) and 94.6% were born at 37--40 weeks' gestation. Of the children in the developmental delay group, 10.5% were boys and 8.2% were girls, indicating that the delay was more prevalent in boys than in girls. In the logistic model, male gender showed a significant correlation with developmental delay (*P* \< 0.05).

The results show that the prevalence of developmental delay was 18.7% in children who visited the health centers included in this study. The highest prevalence of developmental delay was in the area of fine motor skills (7.2%; 95% confidence interval \[CI\] 3.9--10.5) and the lowest was in the area of sociopersonal skills (1.7%; 95% CI 0.5--2.9).

The correlation between development and birth weight in the children included in this study is shown in [Tables 3](#t3-ijgm-5-683){ref-type="table"} and [4](#t4-ijgm-5-683){ref-type="table"}. The results show that developmental delay was observed in 61 children with normal birth weight and 41 children with low birth weight. In addition, 308 children with normal birth weight and 18 children with low birth weight had normal development. The Mann-Whitney *U* test was used to evaluate the developmental status differences between groups. Significant differences were observed between groups in the results of this test (*P* = 0.000, Z = −3.81).

The results of the χ^2^ test revealed significant differences between children with normal and low birth weight. Developmental delay in the low-birth weight group was significantly higher (*P* \< 0.0001). Entering the anthropometric data at birth into the logistic regression model show that children with developmental delay were four times more likely to have low birth weight than children with normal development (weight \< 2500 g, *P* = 0.04, odds ratio 4). A significant correlation was observed between low birth weight and developmental delay in the areas of gross motor skills, problem-solving, and sociopersonal skills. No significant correlation was found between head circumference and developmental delay, or birth length and developmental delay.

Discussion
==========

The results show that head circumference and birth length have no significant correlation with developmental delay, while birth weight is significantly correlated with developmental delay. In this study sample, the prevalence of low birth weight was 8%, which was reported as 7.5% and 7.2% in the US and Iran in 2009.[@b1-ijgm-5-683] Soleimany et al showed this prevalence to be 22.9%, suggesting that more attention to health care services is needed in underserved areas.[@b13-ijgm-5-683]

Kerstjens et al found significant differences between low birth weight and premature infants born at \<32 weeks' gestational age and children in a control group in all developmental areas. They also showed that birth weight and prematurity increased the chance of developmental delay from 1.5 to 4.9 times.[@b14-ijgm-5-683] Hediger et al also found low birth weight to be relevant to developmental delay in social and motor areas.[@b7-ijgm-5-683] On the other hand, Glasson and Petterson found no significant differences in birth weight between children with impaired cognitive development and those in a control group.[@b6-ijgm-5-683] Soleimany et al[@b1-ijgm-5-683],[@b15-ijgm-5-683] found an association between low birth weight and motor developmental delay, which was later confirmed by Sajedi and Alizadeh.[@b16-ijgm-5-683] The same results were also reported by Piek et al.[@b8-ijgm-5-683]

In this study, male gender correlated significantly with developmental delay. Hediger et al found a significantly higher incidence of developmental delay in social and motor areas among boys compared with girls.[@b7-ijgm-5-683] Kerstjens et al identified an incidence of developmental delay that was 1.5--4.7 times higher in boys than in girls.[@b14-ijgm-5-683] On the other hand, Piek et al showed no effect of gender on rate of development in children.[@b8-ijgm-5-683] Lin et al suggested that developmental delay was twice as high in boys as in girls.[@b5-ijgm-5-683] Chakrabarti and Fombonne found that the prevalence of pervasive developmental disorders was significantly higher in boys than in girls.[@b17-ijgm-5-683]

In contrast with these studies, the study by Soleimani et al found no significant correlation between gender and developmental delay,[@b15-ijgm-5-683] which is similar to the results found by Sajedy and Alizadeh.[@b16-ijgm-5-683] Although gender may not correlate significantly with developmental delay, significant correlations have been found in other areas, such as sociopersonal skills and communication. The results of this study show significant correlations in these areas.

Golombok et al found no effect of low birth weight on emotional and behavioral development, but weaker performance in terms of language developmental skills in the children examined in their study.[@b18-ijgm-5-683] In contrast, Piek et al found a significant relationship between low birth weight and fine motor skill development at school age (r = 0.4, *P* = 0.022).[@b8-ijgm-5-683]

Glasson and Petterson analyzed the relationship between anthropometric indices (head, weight, and head circumference at birth) and autism, and found no significant associations.[@b6-ijgm-5-683] Hediger et al identified low birth weight as the most important prenatal predictor of development in girls; however, in boys, both low birth weight and gestational age were associated with social and physical development.[@b7-ijgm-5-683]

In general, several factors leading to intrauterine growth retardation can cause problems during infancy. These problems include low blood sugar, asphyxia, polycythemia, hypothermia, and dysmorphology. Further, infants with low birth weight and associated complications are more frequently admitted to neonatal intensive care units, and are more likely to manifest developmental disorders in childhood.[@b19-ijgm-5-683]
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###### 

Correlation between development and head circumference at birth in children referred to health centers affiliated with Isfahan University of Medical Sciences in 2010

  Head circumference   Normal development n = 326   Developmental delay n = 75
  -------------------- ---------------------------- ----------------------------
  Mean                 34.67                        34.35
  Standard deviation   1.4                          1.7
  Total                401                          
  Statistical test     T = −1/71                    *P* = 0/09

###### 

Correlation between development and length at birth in children referred to health centers affiliated with Isfahan University of Medical Sciences in 2010

  Birth length         Normal development n = 326   Developmental delay n = 75
  -------------------- ---------------------------- ----------------------------
  Mean                 49.6                         49
  Standard deviation   2.4                          2.3
  Total                401                          
  Statistical test     T = −1/7                     *P* = 0/08

###### 

Correlation between development and birth weight in children referred to health centers affiliated with the Isfahan University of Medical Sciences in 2010

  Birth weight (g)   Developmental delay   Normal development         
  ------------------ --------------------- -------------------- ----- ------
  \>2500             61                    16.5                 308   83.5
  1501--2500         11                    40.7                 16    59.3
  1001--1500         3                     75                   1     25
  \<1000             0                     0                    1     100
  Total              75                    18.7                 326   81.3

**Note:** Mann-Whitney *U* test: *P* \< 0.000.

###### 

Correlation between development in various areas with birth weight in children referred to health centers affiliated with the Isfahan University of Medical Sciences in 2010

  --------------------------------------------------------------------------------------------------------
  Developmental delay   Low birth weight   Normal birth weight   Statistical results         
  --------------------- ------------------ --------------------- --------------------- ----- -------------
  Communication         3                  9.4                   19                    5.1   *P* = 0.2

  Gross motor           4                  12.5                  12                    3.3   *P* = 0.03\
                                                                                             OR = 4.3

  Fine motor            5                  15.6                  24                    6.5   *P* = 0.07

  Problem solving       5                  15.6                  17                    4.6   *P* = 0.02\
                                                                                             OR = 3.8

  Sociopersonal         2                  6.3                   5                     1.4   *P* = 0.04\
                                                                                             OR = 4.8
  --------------------------------------------------------------------------------------------------------

**Abbreviation:** OR, odds ratio.
